: the AMBI / M-AMBI (Borja et al., 2000; Muxica et al., 2007) , the BENTIX (Simboura and Zenetos, 2002) , the BQI (Rosenberg et al., 2004) , and the BOPA (Dauvin and Ruellet, 2007) are the most recently proposed biotic indices. AMBI, as well as the related BENTIX, accounts for the transition towards the dominance of mostly sensitive species during secondary succession. BQI is the product of two terms, one accounting for the relative dominance of tolerant versus sensitive species, and the second one for species richness. BOPA considers the total number of individuals, and the frequency of opportunistic polychaetes and amphipods.
Despite their obvious ecological and economical interests, transitional water bodies have received little attention about development of ecological status indicators. Recently, a multimetric index for transitional waters, the Fuzzy Index of Ecosystem Integrity (FINE: , was proposed. In the development of FINE, a different approach from the sensitivity/tolerance one was chosen, because a) the classification of the different species or taxa are subjectively made and may vary between scientists and geographical areas (Rosenberg et al., 2004), b) there are problems with making this operational due to our current lack of understanding of the links between the effects of human activities and changes in populations of such species (ICES, 2004) , and c) identification errors can lead to incorrect classifications and false interpretations of the indices (Dauvin, 2005) . FINE takes into account 7 ecosystem attributes (variables or metrics), each having ecological relevance for lagoon ecosystems: 1) biomass of seaweeds, 2) presence of seagrass, 3) biomass of macrobenthos, 4) macrobenthic diversity (as the classical Shannon's H'), 5) macrobenthic functional diversity (as Shannon's H' on functional groups), 6) abundance of macrobenthos, 7) number of macrobenthic taxa. The 7 variables are combined in a system of 768 logic rules, and the result is a number, ranging from 0 to 100, which expresses the ecological quality of the considered sample. FINE 100 corresponds to the optimal conditions for all variables, whereas FINE 0 indicates that all the variables are displaying their worst modality; therefore, FINE 100 and FINE 0 can be regarded as reference for HIGH and BAD ecological quality (WFD, 2000/60/EC), respectively. All the algorithms for FINE calculation are based on the fuzzy set theory, which has repeatedly been proposed as a useful method to develop ecological models and indices of environmental conditions (Salski et al., 1996; Silvert, 1997; 2000; Lu and Lo, 2002; Liuo et al., 2003; Adriaenssens et al., 2004) . The online version of the index is freely available at: http://web.unife.it/progetti/FINE/.
Recently, the FINE index was successfully tested in two Adriatic lagoons . Aim of this study was to evaluate its applicability and effectiveness in transitional waters from the Tyrrhenian Sea (Figure 1 ), i.e. a different biogeographic sub-province respect to the one in which FINE was developed and validated. A set of indices was also calculated and compared to FINE outputs: Simpson's 1-', the W-statistics, AMBI, and BOPA.
BENTIX and BQI were not used since the former is closely related to AMBI, and the latter is not applicable to very shallow transitional environments, where depth rarely exceed 1.5 m even at high tide.
Materials and Methods

Study areas
The Orbetello lagoon (southern Tuscany, eastern Tyrrhenian Sea) has a surface area of 27 km 2 , and is embraced within two sandbars. A third incomplete spit, on which the town of Orbetello lies, is connected with Mount Argentario by a cause-way, which partially divides the lagoon into two basins. The western basin is linked to the sea by the shorter Nassa 
Environmental and biotic data collection
At each station, water parameters (salinity, temperature, dissolved oxygen) were collected with an OxyGuard® Mk III probe and an ATAGO S/Mill-E refractometer. Sediment cores (4.5 cm i.d.) were also taken for total organic matter content (weight loss after drying and incineration at 450°C). Three replicate benthic samples were collected for the analysis of the macrofaunal community using a Van Veen grab (sampling area: 0.027 m 2 ); fauna retained on a 0.5 mm screen were identified to the species level and counted. The biomass of fauna was obtained by oven-drying to constant weight, and incineration (ash-free dry weight, gAFDW m -2 ). Seaweeds and seagrass, when present, were also collected and weighed to obtain wet weight.
Data analysis
FINE was calculated using the FINE software (http://web.unife.it/progetti/FINE/).
Besides FINE, the following indices were also applied to macrofaunal data: Simpson's 1-', the W-statistics (Warwick, 1986; Clarke, 1990) , the marine biotic index AMBI (Borja et al., 2000) , and the benthic opportunistic polychaetes/amphipods index, BOPA (Dauvin and Ruellet, 2007) . The W-statistics condenses the information embedded in the ABC method (Abundance-Biomass Comparison, Warwick, 1986) reflecting the degree of overlapping of kdominance curves for biomass and abundance of benthos. The theoretical basis of AMBI is that of the ecological strategies of the r, K and T (Pianka, 1970) , and the progressive steps in stressed environments (Pearson and Rosenberg, 1978) . BOPA considers the total number of individuals collected in the samples, the frequency of opportunistic polychaetes, and the frequency of amphipods. An increase in the values of FINE, 1-' and W-statistics is understood as an improvement of environmental quality, while it means exactly the contrary in the case of AMBI and BOPA. 1-' and the W-statistics were calculated using the PRIMER ® package, AMBI using the AMBI ® software (http.//www.azti.es), while BOPA was calculated as:
where f P and f A are the opportunistic polychaetes and amphipods (excluding Jassa, but this opportunistic amphipod was not present at our study sites) frequencies, respectively. The purpose was to compare the performance of the different indices in distinguishing between different environmental scenarios. The response of each index as a function of different environmental variables was assessed through regression analyses, and regression ANOVAs.
Using multivariate analysis, we tried to assess which index was able to capture most of the information embedded in the macrofaunal species/abundance matrices. We used only AMBI, BOPA and FINE because of their 5-category (High, Good, Moderate, Poor, Bad) quality classification system. For each index, a matrix was constructed assigning to each study station its ecological quality (calculated with that index) in numerical form (5 = High, 4 = Good, 3 = Moderate, 2 = Poor, 1 = Bad). A second-stage MDS (Clarke and Warwick, 2001 ) was then performed on these 3 one-row matrices (AMBI, BOPA, FINE) and the matrix based on abundance of species from all stations (SPECIES), using Euclidean distance to measure similarities. The idea was that "classification subsets" (i.e. AMBI, BOPA and FINE classifications) whose multivariate pattern links well to the information given by the biotic data will be represented by points on the second-stage MDS which lie close to the SPECIES point. Paired comparisons between indices and the SPECIES matrix were then performed through RELATE analysis (Clarke and Gorley, 2006) .
Results
In Table 1 , physico-chemical characteristics of water and sediments at the various stations are shown. Table 2 many stations at Tortolì, characterized by luxuriant seagrass prairies). Table 3 shows FINE outputs, together with the different grades of membership associated to each ecological status class. Table 4 shows the values of the other indices estimated at the sampling stations. While some stations resulted unequivocally assigned to the same ecological status, independently from the index used (e.g. PADR-SJul), for others some discrepancies were evident. For example, the ecological quality at station PADR-LMar should be considered disturbed from 1-', moderately disturbed from the W-statistics, good from AMBI, and high from BOPA. In Table 5 regression ANOVAs are summarized. Significant negative correlations were found between sediment organic matter content and FINE (r=-0.57; p<0.01), 1-' (r=-0.55; p<0.01), and W-statistics (r=-0.49; p<0.01). Figure 2 shows the second-stage MDS plot. The AMBI, BOPA and FINE points were segregated in different zones of the plot, while the SPECIES point was grossly in its centre. It seemed that the FINE point lies closer to the SPECIES point compared to the BOPA and AMBI points. Table 6 shows the quantitative results of paired comparisons, through RELATE analysis, between indices (AMBI, BOPA and FINE) and SPECIES matrix: the highest correlation (Spearman's Rho=0.263) was found with the FINE classification.
Discussion
The successful development of a system capable of assessing the quantity, quality and functional value of aquatic systems is not a trivial task. It will require a holistic ecosystembased approach that at the same time focuses on individual species and habitats as well as accounting for those factor that affect these components at various temporal and spatial scales (Diaz et al., 2004) . A number of indices have been developed in the few past years; Diaz et al. (2004) , reviewing the peer-reviewed literature, summarized the structure of 64 commonly used benthic habitat quality indices ( 4, simply on the basis of morphological differences, since for FINE calculation, it is the number of species and not their names which is important. This is also true for assigning animals to broad functional categories, since, with a few exceptions (e.g., the detritivorous amphipod Corophium insidiosum), species belonging to the same lower taxonomic level (e. g. family) usually feed in the same manner.
Many of the proposed recent indices provide information about the relative abundances of sensitive species faced with increasing organic matter in the sediment and those of the species that are resistant or indifferent to such increases, or even favored by such conditions.
Recently Dauvin (2007) highlighted that all the so far proposed indices, which aim to determine anthropogenic stress, relate to abundances of stress tolerant species (i.e. species tolerant of natural stressors likely to occur in transitional waters). Moreover, such indices relate to anthropogenically organic-rich systems whereas transitional waters are naturally organic rich systems. These complex systems are characterized by low benthic diversity, and,
given such natural impoverishment, certain indices might loose their effectiveness. The usefulness of AMBI in detecting impact gradients has been clearly demonstrated in the northeastern and south-western Atlantic coastal area (Borja et al., 2003; Muniz et al., 2005; Muxica et al., 2005) . In the Mediterranean ecoregion, and in its transitional waters (Ponti and Abbiati, 2004; Occhipinti-Ambrogi and Forni, 2004) , the usefulness of AMBI is still uncertain: a clear impact gradient due to cage culturing of fish was detected at 20-30 m water depth in Western Greece (Muxica et al., 2005) , while it showed discrepancies in detecting trawling impacts at 16-30 m water depth in the Gulf of Lion (Labrune et al., 2006) , and failed to detect the spatial differentiation of ecological quality along a gradient of anthropogenic disturbance in the Sea of Marmara (Albayrak et al., 2006) . The BOPA proved its effectiveness in coastal marine and polyhaline systems in the English Channel (Dauvin and Ruellet, 2007) , but to a lesser extent in Tyrrhenian lagoons. Dauvin and Ruellet (2007) , however, stressed the need for future adaptations of BOPA for mesohaline and oligohaline estuarine zones. We do not dispute the effectiveness of AMBI and BOPA for coastal and estuarine waters. Mediterranean transitional waters, however, probably share ecosystem complexities which are not yet fully captured by these indices, as shown by the second-stage MDS and by the RELATE analysis. As pointed out by Cognetti (1992) , the detection of impact gradients in transitional waters on the basis of opportunistic and tolerant organisms is an extremely difficult task, since the functional phenotypical flexibility of genetic nature which is characteristic of alolymnobic species gives them a wider margin of response to environmental alterations (Cognetti and Maltagliati, 2000) . The finding that FINE, which is based on benthos data plus vegetation data, was closer to the SPECIES point (Figure 2 ) than other indices exclusively based on benthos data should not be a surprise. Aquatic vegetation (i.e. seagrass and seaweeds) is known as a key structural component and regulator in shallow water ecosystems (Carpenter and Lodge, 1986; Jaynes and Carpenter, 1986) , and a key factor in driving pattern and structure of faunal benthic assemblages (Edgar, 1990; Bachelet et al., 2000; Yamamuro et al., 2006) .
Environmental managers and policymakers require tools capable of distinguishing the degree of degradation to the biotic community. While the WFD asks for a 5-category quality classification system ("high", "good", etc.), to environmental managers and policymakers the only important boundary is that between "moderate" and "good", since if the environmental quality of an area is "moderate" they have to spend (a lot of) money to make it "good". We feel that an advantage of FINE is that areas of intermediate quality can be finely identified through its membership grades (i.e. the outputs resulting from "fuzzification" and processing across the 768 model rules by means of logic operators, such as "and", "if…then" and "or", of the input data; Let us consider, for example, the case of sites PADR-SMar and PADR-SJul (Table 2) . FINE values obtained for these sites were quite similar (61 and 75), and both fell into the "good" (FINE range: 60-80) quality class. However, PADR-SMar had membership grade 0.563 to "moderate", and 0.437 to "good", (and it was slightly inclined towards the condition "moderate"), while PADR-SJul had 0.005 to "moderate" and 0.995 to "good" (and it was more inclined towards the condition "good"). A
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comparison of FINE values (and its membership grades) through time, should be able to reveal if the environmental quality of an area is improving or worsening.
In this paper, the effectiveness of FINE has been tested in 4 Tyrrhenian lagoons, i.e. in a different biogeographic sub-province respect to the one in which the index was developed and validated, and succeeded in producing an ecologically relevant classification of the considered areas. Notwithstanding the fuzzy-based FINE has proven its effectiveness, at least in some Italian transitional waters, it does not conform to the WFD. In fact, the FINE model 
